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III hflay 1993, t,}Ic N:lt,iol]:il  Ac)oIi:\utics  aIId S~Iacc
Acllllillistl;ltic)ll (NASA) i~)itiatcd a ~,lo~,IaIII of ‘J’wII.
IIO1OF,J (klo~)claticll] AF,ICNIICIItS  (rJ ’ C A )  ai![lcd  a t
tlallsfc~ t irlp, SOIIIe  o f  ttlc twl)ltolop,ics  dcldo~Id  at,
NAS.A CPIIWIS  to ]Il(luslfial  lMIIIICIS.  III l’C}IILIa  IJ
1996, t,l Ic Jc( l’lc)~,lllsioll  1 ,at,oratoly  ((11’ 1,) dcv(lo~,ccl
:! ‘J’(;A wit]t l{cal \J7011(l Illt Cl faCc’, IIIC,  (Ji\fJJ) I(I

tI aIIsf(l  SOIIIC of its I otmtics  tw}lliolo~,jr  into l{\l’J lirlc
of lrloi]ilc  I o~)ols.

li\Vl i s  a lca(liIIF,  IIlalillfa(tulcr o f  lrl(lt,ilc IO},ots
a r i d  lIa<  cx~)rcssvd a  stIm I~, irltmwt i] I u]):,[adil[:, ih

}IIO(]IIC1 ]ir]c wit}! aII alt,icu]at,d  ~rldla]lica]  ]rlaTlil)w

latol  aIId aII a(lvaIIccd o])eIatoI  illlc~fac(,, J ] ’ ] ,  }I:IS
a 1(111~, t,7:l(k ICC(II(l of ]{1~1) ill t}Ie arca$ (,f IIjallil,
ulatoI CWIIII  o] aIId OI)CI atm illt c1 faces, l{(%(!;II (’l ICI s
at JJ ‘1 , ]lav(’ dc\J(’lo~)(d C.ollt101 Sc}lclllcs fol (I(!xl,(l  ()[Is

lJ[:llli])\ll:~t,ols  [16], IIlol)ilr Iol)ots  [9] ,  aTId l[lohilc  111:1-

lli~)lllat(ns [17], I’III(IICIIJI(IK ,  a(lval Ic(d OJKLI  ato I il)-

tcif:lw  lIas lwcII  al I :IIC:I of active luwalcl  I at J]’], fol
a (l(,cade, iii J)all, icula I, fol coIll IIlalld  (’llt Iy aIl[l  Clat,ii

2 1 lackg’,l”ollll(l



is (Icsc[il)d. ‘1’llis dcvicc c.ol~sists of a IIiot,i]c  ]Jlat-
fo) III (qui})]d  writtI a dcx(m 011s IIIal Iil JulatoI, a sh w
cal IIcra aIIcl a sol Ial Ii II~,. ‘1’]Ic col It.Iol is lImfo  II IIcd by
a su]xv  v i se ]  y syStclII  Cmlllcct(:d to a gI, I a])}) ica] user itl -

tw f a c e .  ‘J’l I is syStCrII is c.ul I clItly t)cirl~, col IvcI W] i)ito
a 111 otc)fy}I(I  suital)]c foI tcsti Ilg ill I calistic  cl Ivi ImI-

~llcr]t,s.  A coIIcq)t of autoIriatic  ~licdical su]II~oIt  is dc-
SCI il~c(l ill [14],  wlIcIc t,lIc Iolmt)ic  clcviw is tlI( IIos])ital
I (mrII  i?.s(.}f,  cqui])]jcd  wit]I  SCIISOIs aIId ac.tuato~s  fol
lec(Jp,rli7irl~,, illtclJJrctirlp, alI(l a(tilt~, U]WII tlIc lI(ds  of
t)ic a$sist(d  ImFNII.  (;uidillp, ~,IiTlci])lcs fm tl)(, (lcsi~,!l
of assistivc  Iol](iic  syslcIIIs aI(’ ljIOJ)oscd ill [10]  aIId
i~lclu(lc tlt IC wsc of ]rlotioll  aIId voice C(HIIIIIaIId  S fol t}Ic
I(]tmt,  a distrit)llte(l aI c}lit,ectuw of silrl])lc  alId lobust
(1(’vices, alId cIIou F,l I illtclli~,ellcc to Lolm atc alrll)i~,uity
all(l 10 (’00] )(’1 atc Wit!tl t}lc’ USC] .

It was IIoticcd ill [4] t}iat t,lIc  iltvolvcIllolt  of potAlI-
tial  use]s is mIc of tlIc u itical  facto]s  for t}lc succcssf(ll
c.lcatjic)rl  alId utilimtiml  of a IIW tdlr]cdo~,y. }’ar Lic(l  -
lar ly fm ttIc (lass of clevicm addl cssd by tt]is ]Ia~IcI,
i.e. I olmtic syst~m k% ~hc assista]]ce  to t,l Ic ddmly
aTI(l t})c halldica]]J)d,  tl]c dcsi$,l)ms  }Iavc litttc OI IIO
fiIst lIaTId  exJ]cIimlce of real uso lImls, ali(l thmc  aIc
scri(]us  }Icalth iIr]J)licatiolls  if t,}}c ])locluc(, is ilIl])loJ)
cI]y (l~si~,[)ed, 1’() ovclColIIc  t h i s  (liflicultj,  a lIIct}I(I(l
was d(,viscd fol dcv(:loj)ill~,  aII cfi(’c.Live coo])m atioll lx-
LWJCCII dcsi~,Ilcls  aII(l lISCIS [~, 18]. ‘J’hc II Ic’t,~Iod  coIlsisLs

of illclu(lil)~,  ~)otciltjial usms irl t}lc dcsi~,ll tcalIl, aIId

lc(]uirill~,  ])c!rio(lic cvaluatiml  of tlIe ~)lo(luct  tly ll]\llti-
disciJJli)la7y  teal  IIs. “J’asks aIe defilId t)y uscIs to su i t
tllcir IIc(:(ls, aII(l tlIo I Lltc evaluaticul teaIl) woJks witl I

ttlc sys(c III aII(J tllc uscI to scc i f  tlI(I t:i.sks c.311 bc
:Ic.cc)r[l])lisllccl,  aTI(l if IIc)t, fo~ wliat  Iww)I Is.

III tllc case of ]otmtics  fm health  scrvims,  t}lc
disclcJ~a71cics  aIIIOII~,  tdlIlically tlailld dCWk)J)CIS,

}I(IaltlI ],Iofcssic)rl;ilsziTlcl  patimlts  islarp,c.  llcalt}I care
tcc~!ll (J](]~,i(>s~  l:iI(,oflcIl})Cc~) il!a~)l)lc)~)li:ltcfol  t})c JKx)

})]cfoI  W]lOIJI  t,}lcy aIcdcsi&Jlc(].  III Iotmti(’sili  l)altic-
ula I, CIId-users ale c]fwl irlclu(ld o~lcv the ~oct,  aII(l

tll(, cll~,illwiill~,  asjlwts of t}]c t,cc}IIIolop,y  tak(, ])Iwc-
(lcIIcc ovm lrl(dical aTId ]~atiult  accel)tallcc  zIs~K!cLs.  III

tlIc ]IIojKt (lcmitlc(l  ill t}lis }m]~m,  w dcci(l(d to irl-
volw  t,}Ic US(,1  coIrlIIiurlity  fmlll t}lc vmy tq,ir]~lillp, c)f
t}lt. (l(!si~,  Jl, to  I(!C(!i VC fdt)~l(k,  h t(!S[ aJld  W~l]l13t(’

tt)c d(,si~, Il, aJI(l  to l[jodif~’ t}Ic (lcsi~,ll imsc(] 0 1 1  u s e r
f(’(dl)a(’k,

It Irlllst:llsc)t)cllotccl  tl]att}]cus(,l colllrIlllIlityc(]ll-
sishofs(,  vc]al (Iis[il)c[, ~,IouJ)s,eac}I  l$rit,ll  S])cc,ificl)(vxls
alI(l clifJ’clcllt Cx!wctat,  imls  florrl  t})c saTIlc }I(Ialt}I  Ca?(,
IOt)(lt,  1’01  cxaIIl])lc,  t}l(’ llcalttl  J)lofcssimlals  would

IISc t}lc Iolmt a s  a  t o o l  fm dcvrlall(lillp, a71(l  IcJ)cti-
tiwtasks. ‘J’} ICSUIII)(HL  coInIriuIlity, cc]rlsistirl~,c)f]c:l:l-
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tiv(’sal)d ccJ[; !li Li\rcilltact c](]cr]y al]clt}l(' }lilll(]ictl] )])c(!,

would use the roi)OL as aII assist, ar)( Lo ])ctfolI!l ~,c!lclic,

II Iosl]y I1o~i-~l!c(]ical, t a s k s .  ]’illa]ly  t)d-lidclcll  m  1110

bility lilrlitc(l ~)eo~,lc would USC tlIc }Icaltll (:iIc lolmt

‘J’llis v,ri(l(,  IaTI~,c of ]mssit)l(,  al]}) licatiorls  aII(l US(IIS
l[l~lli( t}lc (l(v+if, Il of a lot)otic” SyStCIII  fot IIcalt}l C’a Ic

V[’ly  difiicult. ‘1’() ovCIC[)l II~ tl)is di{iiculty, ww (l Ios(,  t o

(](’V(’]()])a s(’L off~lJIC.Liol]St]l;lt” CaTI hvsc]cctc(]  d(!}I(!JI&
ill~, (I I I  t)i(, s}]ccific task  aII(l user, arI(l let the USC], I’ia

aTI il]lc~ac(ivc (,valuiitic]ri  l) Ioccss,  ~,~]i(l(, tllc dcvcl (l])-
IIl(!llt of tll(’ 1(’c.}lllol(lg.s,

‘J’)Ic drviu>  (’tlvisiol!d  a~ ])wi\t}l  (aJ(! Io\K)t is a srII:?\\

I!lot)ile ])latfo]lrl  cqui~)l)d wit}) a  lllalliJ)ulator  aIIrl,  a

Vision systcIII,  aII(l a US(,I irlt(’lfac.(!. ‘J’i I(’ lilo~)i](’  jl]at -
f{)lltl Mitl)it>sclisol  systcI[  lsislll:iT,llf:,  c(~lrd(ll)y){t\TJ,
all(i t}l(’ IIlalli])ulatol  FIT III all(l (11(’  llse.1  irltlmfacc aTC

dcsif, il((l aII(l t)uilt t~y J1’1,.

]Jl t]l(’ fO]l(Nirillg  S(’C[.ioJl, we w i l l  fil S t  IN’i CW tfl(’

OVCJ:l]l  Zll  C}lit CC LLJl(’  O f  t}l(’ ~1(’~lt}l  (al C’ lot)(t) :llld t}l CJl

(Icsc[i})c t}Ic IIlairl f(,al{llcs of t}le IISCI itlt(,lfacc  ill S(c-
ti(]rl 4. “J’11(,  illtcIactiv(,  w31ualioIl  Irlcttl(j(lolop,,v is <IO
scrit)cd iTj ,S(,ct,ioll  5, t,(~~,ct,}lcl  w,it,]l Sofric l)l(,li]lliT]aTJ

I(,slllts of t}lc USCIS  cvaluatiml  of t,}lc sys(cr II. WC ((III
C.]ll(] Cttl(, ])a I>C’l lvitll a b]icf  discussiml of tl]isaJ)J)loaC}l
{I II(1 wit, }l ollr J)];ITIS  f(]l f(lt, UJC lcscalc}I alId (Ic!y do])

111(’Jlt.
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‘1’}1(’ COIII]IICLC’  ]JIOtC)t~~)t’  Of tll(’ llC.altll  ~al(’ liObOt
(11(;}{)  systmr,  is SlIOWI iTl P’i?,urc 1, a,ld cmlsis[s of a
IIjotlile  rotmtic  plHtfor’11  Irla!lufaduld  by lWV1}  and aII
3}~h4-CC)lll]latit~]  C] JCISC)Ila]  COlll]IUtCl  (]’(:) S(!JViTIF,  a.Sa
cc)lltlc)lstFltic)Il,  alId xll Illlillg ttle117irlclc)ws9  f]c]}Jclatillf,
sys LcIII, foI coII1~)atibility  w i th  colrl)r)crcia] ~)r’oc]ucts.

‘1’IIc Iolwt  is cmILIc  Illd by al I i~ltclllal I’(1 usi]l~, tlIc
])iJILJX  ()])cJ:ltiIl:, systeIrl.

‘J’llc]  ol)c]tis:tli?l ]Wl xllcJt)ilc })latfclI  Irl, ccluiJ)J,c(l
wit,tl a (0101 caIllela  IIIOLJJlt,CC]  011 a paJ1-  tilt hd, a~l(l
aIi aTra J’ of ulLIa. w)u IId, iIlfl aId .311d emit, act  SCIISOIS
fol aULOllOIr lOUS  IiavigaLim~. ‘J’he  Icltmt is lIowc  Id by
foul l(ad-acid  tJ:lttc]i cs]]I(~vi(1illF,6  ll()llrs  c)fc J1]cratic)l)
[13].

‘J’}\r(l ]ayclscJf a] J1llicaticJll ]Jlc~/,lalrlsccJ~lt,Ic)l t} ICIIIO
timl aII(l the iIl~)~lt-(j~lt~)~lt d a t a  OII  ttlc ~otmt. ‘J’}1(,
l(,w(,I ]CVC1 is called t]lc }Iasc SCIVCI,  aTId COJlsists of a
(:oll(,ctioIr of dcvicc (Ilivcns  s~llj~)licd  }Iy lt\VJ ~wlfo~r]l-
i]lF1 low-low] ll]ot,ic)Il c(nltlol alId scIIsoI  data acquisi-
tio~l. ‘J’lIcsccoIId laym is L}IC  ll}liric)~):lc}:a~,c [1) (level-
o}Id  at t]IC lJ1livcrsity c)f ]kmtI  ([; cIIIIa IIy),  aIId })10
l~iclill~, lliF,il- lcveltIajcctc)ry  cc) Iltrc~l arid obtacleavoi(l-
alIcc Ca]labilit,  ies. Ii,}liJro accc:])tsrl lcss:lp,esflolrl ot,tlrr
l) 1()~,1{1 IIIS alrd fIOJll C’XtC!IIla] SOUI’C(!S.  ]) C!pCIldi IIF, 011
tlIc Irlcssa~,e ty]w aJId OJI its lJara IIlctcIs, IL}lirlo scJIcis
a coIlllrlar)d  to tlic ]Iasc scI vcJ w]iicll tlIm I cxccutcs  it.

A c.oll)lrl~~~lic.atic~ lrsc~~; er }l;lllcllcs allcc]~rlTrl~lIlic:itic)ll
lI(tl!’celI  t}lc IL}lilicr ~)ackac,c aIId t}lc COIILIOI Stati Olr,

‘J’llis l)I()~,la~rl is~lcc.css:ir ytocl)sL)Icc  .c)rrl])atit)ility  t)c -

Iw(mt lillilro alId WilldoMs95, sir)cc li}]il]() 11S[5 t}rc
illt,c~))loc(ss c.cJIrlrIl~l]licatic)Ii  sysMJII ‘J’(IX  [j’], w]lic.}) is
i]lco]ll]mtil)lc  wit}l WiI]dows95. “J’hc ovmall Shuctutc

‘1’he  uw illtmfacc  for tllc }l~alt)h (~aTc liobot (lis-
]Jl:tyst}]c(lat,a  cdlrct, ecl by t}lc]ot)ot  alrd accq)t,s dif -
fc]mlt ty})cs of usm c.o]ll]llarrds.  ])ata florli  tire Iol:mt
illcludc vi(l(wirr)ap,  w froll)  tlIc lot)()\-l Il()lllltC(l ca~rl(,]a,
SOJIt IJSIC:I(]i IIp,S) ]]osit,icul oftllc rotmt  01] a Jrl[~~l of t}lc
(’liviloTltr!Cll(, ar)(l voice si~)[]als. III a(l(lilioll, tl)c il)-
t(vfat’( (aII (lis~)]ay ir(la:,esfro~rl  OL}ICI sou Iccs, SIIC}I a s

ii 1(, rIIots ])]lysiciall  OI a  I(,lative, c(IIIIIcc.  t(, cl v i a  viclm

coJlf(!l (! Jl(:irl~,,
‘J’}Ic  (]at:!-ol!tly ~ml(ioll o f  L}IC (; Ia])~rical ljsc~ lTl-

te]facd is stiov,’11 ill }“ip,ulc 3, arid corlsists of five C(IIII -

]wl)cI\t,s: voi((  iIitmfacc,  velocity  col Itlol, stat,us illdi-
CatoI, SOIIal  disj)lay,  arid dWrIlatc  IrlOtic)Il Ccnltrol.

(hl Jl(’llt]~, t}lC tWOIllaiTl IllOdCSfOI  COI!LI’C)]]il(F,t  }lC
~c]tlot l~lotiorl aIc v(]icc C.C~IIi  II IaT)dS,  such as }/otaf, c
h’ighf aII(l Al(Jzw JoTII,07(],  and joyst ick,  sclcctal)]c b~
c.}lccki~l~, L]IC  IJsc Joystid: c]Ieck kx.

]’01 ~}l(>(,l(]CI]~aIl(] tklC]lZIIl(liC~ll)l)~(l,  kC~boaJ(] 2111(]

II Ious(, lIIa} ])l(:scllt  a diflicult J)lohlctf). \;oicc  itl])ut a s
t}l C Illai  Jl C{) Ilt IO] JrlOC]alit~ of[(’JS S(’VCI; II a(l V8Tlta[;C’S:

(2) it is a lI;IlrIIal lIICaIIS of cc)ll)lllollic:itic)Ii)  (ii) iIl ccl -
t.air) cas(:sc)f (lisai)ilily, it is t}lco]ll}-  Cllarllrc]  avail al)lc,

(iii) it]cclLlil(,:;I l(~~)}lysic:ill iIlk;lp,c,:lll(l  (iv)it caIIbc
ICadily O]]tilrlid Lo t}l(’ USCJ’S  11(’ISO)Ia]  IICC(]S,



,,. b.

}Jor }IcOplc wil,]l rcascmat)]c  ]I]a?)ual Cc)l]trol, a joy-
stick I c])rcseIIt,s  a goocl altcm]al,  ivc t,o voice cmlII]IIa]Ids.
‘J’11( Il~otioIl  c(HItrol is aidccl hy t.l Ic vidcw fcc(lbac!i f) C) III
tlIc I obot  cal IIcl a, wliicll a]W~L~S lJoiIlts towaI ds t,tlc di -
Iectiol) of IIlotioll.  q’lic use] h,as a dil cct view c)f t]IC
cIlvil(~I]Illm]t  iIl fror]t of tJIe ]olmt,  al)d a goocl lNlcclj -
tim) of tJIc ~msih]e  obstac]cs.

Additicnlal  nlcttlc~ds  fc,~ coInlnalldillf,  t})c robot  will
lmcOIrle  Illme irIllmrt,aTlt W}ICII  IIIa~)  reg,istratiorl aud
self-lc)cali~,atic)r) ca~mhilitim will be avallahlc.  }~(m ex -
alil])lc, a ~]la]) Oft}le Cxlviroxllllcult  sl)cnvirig  t}Ic locat,iml
of tlIc I obc]t will allow t}Ic usm to s~mcify tlIe tal p,ct
]m+itiml wit}l t}lc lIImlsc, I clyirlp, OII  t,}lc Iot)ot to  alI -

torlmllously  ~)la~l a.rlcl cxmutc t}lc tr ajectm  y. A ta~ p,ct
caIl alsc) hc s]wcificcl by vc)ice co]nlna?lc]s,  such as Go
t,(l thC kit, C}LC1l.

‘J’lIc fo]lowi]lp,  SCcLimIs  p,i V(! a ~Jlcme  c]ctai]cd dCSCI i~).
tiol) c)f t}Ic Cmr-I]ICHICnIk  c)f t}ie uscI iI]t,crfacc,

‘]’hc  IIiaiIl sourccof  itlforIrlat,ioIl at)c)l]ttllcc]l~ilc)r]-
]]]c~lt  s~ll~o~]]]di]l~,  t,}Ic Ic)L)cJt  is tlIc out,  ])ut of t}lc CO1OI
c.alrlwa i]lstallcd  OII tlIe ~ot)ot. We a r e  cur IcIILly m-
pcIilIlclltillq,  wit]]  twc r(lctllc]ds for smldill:,  i)llap,cs iIl
Icml-tilllc flcnl) tlIe :ot~c)t tc~ thv cmltro? station ~’})c
filst II ICttICId  IISCS  t}le CXCUK1  ~)acka~,c [ 1 1 ]  for clcmt -
ill~, aII X clicn]t OII t}lc cOIItIc)l  statfiml t o  clis~]lay t}lc
Calll(!]a iTlla~,es,  SiIICCillla~,eS arCtIallsIflittQ(]  wit~,(~tlt
alI.y co]rl])rcssio~l,  t}]is Ilict}lod ~)roviclcs  OIIly sLIbl]w L2J
ICflcsll late. Wc arc also cxperilrle~ltillg with the  Vic
vic]Cc)-cc)llfclcIicill~, software [12] which uses t}Ic lllLra-
}1.261  c.c]rIl~]Iessioxl sc.}IcIIIc,  aT Id  ac}licvcs lcflesl) ~ates
of u]) to 30 fI”a Illes ~)c!x  Scmld.

A scc()xlcl ty~)cof  eIlvitorllrJcIltf  e(:clt)acki s~)rovidcd
t)y dis~)]ayirl~, t h e ’  IOt)ots ~msiLiol, C)II a  XIIC)(](>]  Of t}lc

Cllvilc)lilllcllt. ~hlIlerltly  t h i s  lc~)msclltati(nl  silowrs a
lllaJ)of  tll]ela})ol: ~t)cJIy  IcJc)rll  Iyl]clct}lis  ~Jlc)jccL  is bcill~,
dm!lopcd.

I’llc IOW>S SOII:IT rcadiI)~,s  alc dis])laycd  OII a ‘&p
aratlc  window as Ia<ys clIlallatiI]g  frmrl  a cilclc I(:j)Ic-
Scvltil]f, t}lc ]obc)t. ‘1’hc  lCIIF,t}I o f  cac}l xay ]q]rcscr]t,s
tllc distallcc  ]Ilcasulcd  b y  tllc ccrrIcsl)oI]di  Ii:, smla~,
IJmIF,CI  li]]cs ]q)Iww]lt  SOIIaI  lcadi~ls,s c)f distaTlt Oi)-
J(!cts,  W]lCIC!;LS  S] J(llk!I  1;11(!S IC’])ICS(!Ilt  (lk)j(!C.tS  C]OS(’  t o

tile Iot)Ot.  So~ia7 Icacli!lp,s arecLIT lcrltlyllsccl  t)yl{hillc)
for ohst,ac]c  avoi(lallce,  aT)d  w i l l  tw LIscd  ill tile fu-
LUIC for m]vilmlI[lc~lt,  ]rla})])iIig. New SolIa T ?Ca(lillp,s
arc smlt by tjl)e Ic)tmt< at intctvals of almut  OIIC  SCCOII(I.

Aflm ~ccci~itlF,a ~oicccc )~Il~IiaIl(l,t }lc~()t)c~tIc  ~)c;its
t]l(’ CO Ill IllaIIC] baCk tO t]l~ LIS(!J to (( HlfiIlll t}l(’ C. OIII-
II IaIId. ~’lIc ~llmsap,c tc~ bc spokml  i s  clctcllllillcd  by

i
I Stql
;.

_— —.. __. ._. _. _. _._. .

l’i~7utc3:  }lealtll( ;ale}t()l)()tC;  12i])llic:llll  seIlllteIface.

tl]cvc)icei  rlterfa cc,;~l)ic.}]tllc  r~sc]l(lszi text, st]iligccn-
Ics])c)lldi]lp, to tllc COIIIIIIa  IId t o  tllc spcw}I  SCIVCI  lc)-

Cal(!d C)II t,})c lot)ot,” ‘J’l)c SJX!CC}I S(’IVeI  COll V(!ltS  Lhe
text st,~ill~, into a voice fmdback  to the uwr.

}’illally,  tt]c la~t i71foII[Jatio]l  ~)~ovidcd  t)y L})( user
il]tc]facc is tklc status iIldicatoI,  cor]sistillg  of :1 t e x t
ficl(l (lcscrilhillg  t}lc cuIIcrIt Ic)t)ot actiml. W}ItvI L}IC

illtc~facc is it! vc)ice cm]tlc)l II Iodc.,  t}lc status i n d i c a t o r

S}IOWS t}l(’ (’orlllllalld  j) IW’xltly t)ei TIF,  (! X(!cuted. W’h(!rl
t}lc illt~Tfa CC is ill the joystick  II Icxlc, ttlc status il)di-
cat(m disj)lays joystick COIILL’0],

4 . 2  Voice C; C) II II IIaIId S

“J’}Ic I;)aill COIIIIIIa  IId IIIOde is t})c voice il)tcxf:.cc,
vr)I(m coIe is a voirc 7CCO~lLif.i071  c7~gi71c,  CarlyiIlg  o u t
t}]( i]lt,(r~,Ict:itic)Il  of t,})c uscI’s uttcra I]cm. III t}lis
~)hasc of tlIc ~IIc)jcct wc a]c cx[)c[ilrlcxlti]i~,  with h4i-
crmof~  l’oicc, a colrlT1leIcial sl)ccc~I  I(,coF,ilitioI]  soft-
~vaTe. ‘J’}lis  ]) Iop,IaTr  I listxnls  fm voice iTll)ut flo~ll tt]e
USCI, aTId t!ic!s to rIIaIClI  it wit~l OIIC c)f t}lc COIIIIIIa  IId S
(Ic[irlc(l ill tl]c ])lc-st,o]ed  {Ictiw v o i c e  Irlellus. If tllc
II IaMI is successful, tile vc)icc lccoF,llitioIl crlp,i Tlc cnlls

ihc }1(;1{  Systclrl  wllicl]  aCtiV;Lt(’S t}lefullct,icnls  associ-
at(’d to tllc Cmllrllallcl.

‘J’}1(’  Voi(’C ilit(’!f  ’a(’(’  lccogIli7M t}Ic’ fo]]owril)s,  fcuT-
t(’(’Ilc  (llIllll:lllcls:  stop,  J([Jt.(lt(’l)cjL,  liOtrlt  Clit~}lt,  yill’11

](2{/}1[,,  ?i/T’11  ]/Cf[,  ],Cfi, ][i@t, MOW ];?lllll(rl(f,  MOW

]~(1.CkW(l?(/,  I$t(’]) l: O? ’W(J7(/,  flf/2)(l?L(X ()~~’-’()(”l”~,h,h’ 7/lC-

t(:7S, 6’(1  go .~lCcp, ~i’Cfl(/~/,  /lTld Attc7LtiO?L. ‘]’~lc  ]ic)tatt’

I,cfL, liotate ILiq,}lt,  h4(wc  FoIward,  aII(l hfi(wc ]]ack-



wwI d ccm II IIalIds cause the mt)ot to IIImIe  iIlddiIlitcly
uT]til  t}Ic Stq) cxnrl~I]aIld  i s  u sed . ‘I’UI  II ]Lip,tlt aIld
‘JhIII 1 mfL tUIII tllc Iobot  by 900, while 1,cf( a.rlcl l{iF,lIt
tur II t}lc robot  by 100. Stq) }“01 warcl II IOVCS  the I obot
f(n waT d }Ialf a IIlcte? . AdvaTIcc m~c-to-tcn  rIl(tcrs  irJ-
C. IU(lCS aI) illtc~,cl IIUInbCI  frc)lIl CmC to tcvl, a~]d IIIOVCS
Lll(’ IOl)ot  that lllaIly rrwt(!rs  forwaTcl.

‘1’IIc  Go ‘J’o Slcq),  ILcady,  aIIcl .AtteIltioll COrIIIIIaTIdS
allcw the user to disable  atlcl cn]able the mitx rmop,-
l!itioIt  systm!i  tc) pmmlt ordi TlaTy Corlvmsatior)  to he
lllisLalw~l fm cornrna))ds. (;C) ‘Jb SICcp disobles t}lc
voice ~cco~,Ilitio~l. Actually, the voice rccop,llit,io]) is
IIot disabled, but it will oIIly ICSpcHlcl  to tllc }Lcady
ccmlxlla~)d  whcm it is in skq)i?lg state. ‘J’he ILcady and
Attc~ltic)ll coIllIrlaT)ds  ~]mvidc a two lCWC1 e~lal)le)Ilc~lt
lMoceduI c. q’wo Icvcls are  USCCI for safety. If t})e l{eady
colI’rl IIa TI(l is hwil(l w}]ile L}Ic Iobot  is iTl tllc slq)iTlp,
state, tllcvl tlIe I ohot  list,e~ls fo~ the Attm]tiorl CO III-
~rlarld. If tlIc Attc]]tic)]l  co~r}]r]alld is thc~l }Lca]d, tlIm I
voice I ecogllitiorl  is e~iat)lccl, t)ut the ~ot)c)t  mt,un]s to
t}lc S](!C!]]i  IIF, state if l]c)t}lirl~, else is }lcaT  cl, ‘~’}lis  hcl})s
])IcnwIltill~, t}lc voice rwcogrlitioll systcvII fro]!] twcm]b
illp, eIIablccl acciclcxttally dulill~, ~]orI(lal ccn]vcrsatic)~l.

4.3 .1 c)ystick Cc) III II-Iancls

J o y s t i c k s  al c cc)~rlTjlc,Ii  c.c)~]t~ o] dcvicm fox ~rlc)t,or-
i7.cd wlIccl c}lai7s,  and wc i7]cltlded this  corItr c)] Inet}]od
ill the 11 C]{ iILtmface  to ca~)italize 1311  pc)ssibl?  user’s
sk i l l s .  ~’}Ic result is a uir~vot uhcclc}LrrzT bc)lavior.
wllic.h rq)lacm  tile usm’s dilcxt view of t}lc c!)vi]Oll-
IIl(!llt With t}lc IIllq,cs feel back by tllc Iot)ot calller a.

‘J’tIc ir[tcr face GIII  lx switcl]cd bctw’cml vc)icc a r i d
joys t i ck  co~llirjalld  rr]odc  t)y clicki~]p,  a gra~)hical  t)ut -
LOI1  011 tllc SC.] (1’11. ‘J’lIc jc)ystick }IM four cI(F,I  em o f
f r  Uxl(nrl, and w usc t w o  fc)r ccuIt,l ollitlp, the I ot)c)t,
alId OIIe foI sc!til]~,  t}le rot)ot  v e l o c i t y .  We rrla}]~]cd
t]lc fo] Wra T d-tmckw’al  d l[lotiol] of t}!c joystick to t]lc
fo~ w21 d- bac)cwal d lnotio]i  of tllc Iobot,  aTId ttlc sidc-
1 @ side  lllotio~l  of t}le jc)ystick to tllc I otatio]] c)f the
I ohot. ‘J’llis bccausc  the xotmt always I c)tates  ill place
t o  face t}lc dilectiml  of ~lloLio~) h! for ? stal  t ~r)ovillg,.
‘J’() IIICWC t}lc I olmt 011 a (Iiagorial, fiI st t}lc j o y s t i c k
i s  Ir]ovcd  sidew,ays  to 1 c)t,ai,c  t}]c lobc)t,  Illltil  i t  faws
t}lc (Icsil (xl I (Afitiorl,  ati(l Lllcr] tllc joysiick  is IIus}Ic(l
fol ward to illitiatc t,lIe ~rlotiorl.

‘J’}Ic  jc)ystick is also cqui~)lml wit}l several t)uttol]s
a T Id switches, wit}l whit}) wc I)]aTI t,c) cc)Iltrc)]  t}Ie paTI
alId tilt urlit for tlIc robot calri ma, aIId Lllc lrlalli])ula-
(01 aIIrl.

4 . 4  h4011sc  Cornmancis

‘J’}iis  COIlllrlaIi(l lIIc)cle  is rme) vcd fol lmIarncter  sm-
tiI~F,, crIlcr p,er)c.y stc)p} al}d Irlal)-basecl lmiLic)ll cOl31-

IIlallds.  ‘Iwo F,ra])hical  s l i de -ham arc i~lcludcd  ill t})c
usm illtel face to set t,}lc xotatio~lal  al)d LI ar]slatimlal
I’c]ocit ics c)f tlic I c)tmt. W}IcrI t,lIc illtel face is ill vc)ice
III OCiC, tllc s]idm caIl be o~m.rated with t)ie C()~r[])ut,cI
11-I  OUSC!,

‘J’}Ic  p,r aJJliical  Stoy t,utt,ori halts all ~Il(wc~ncrJt  of
l}Ie rc)l]c)t, ICgar+)ess  of its Cut IeIlt CCn[IIIIarId  IIIodc,  It
})roviclcs  ttIc co]ltIol static)Il with t,tle sal IIe Nnm F,erIcy
sto]) Ca])al.)ilit,y  JIr Oviclec]  by t})e Clrlcrq,cllcy switc tics
installed  cm tile  I c)bot.

h4a])-hawxl  positioIl cornT[laTldS aT e irlitiatcd  by I>c)-
sit,iorlillp, the SCMCVI CUT SC) I i:l  t h e  witldow displayit]g
ttlc ]Ila]) of L}]c Cl]vilol]lllc]!t. ‘J’i Ic ]Kmitiol]  c)f tt]c cur-
SOI bcc(nl}c:; tl]c rotmt  tat get. ITy clicki~ip,  the IrIouse
butto~i t}lc Uscl C2311  cmlr}~l]alld  tl)C ] Ok)ot  to 1 Cac}I tllc
tal ~,ct. I)ul illg Il)otioll, t,t~e rot)ot  autml(ullously  avoids
ttlc ot)staclcs  OII  its tr ajcctc)ry.

5 ‘1’lIC IIh:lluatioll  Md}lodolc)gy

‘J’h(I aII})I  each taku] ill cle.velo]~itlp,  thv ?lMtlI GI e
}{o}~ot  mrlJ)lla.si7fes  usms i~,vc)lverl]cr)t frorr,  t}]e ca~ly
dcsi~,!l ]hascs. li.clevatlt iIlfc)I lriatic)~l  about  tasks  Iat-
ill~, is a~milat)le ill the litm atuI c {4], but  tllcrc  is 110
clca T urlcler sta]lclillp, of tl]c fcatul  m of a I obotic  clcvice
dcsi:, ricd to accmrl})lisll  tllc sclcc.tc(l tasks, A 71cc(1s  (M-
SCSS?lL(!7Lf P}la.<c k th~,~l ~,al  [ id c)[~t  ill ])a{ ~~k] to t\l(’

I ot)ol desi~,]l  to guide  ill sc]cctirl:,  t}lc rot.)otic  k:atur w,
a r i d  ill  Setti]lp, ti]c ~)mforlria~lce  p,oals, ‘J’his 2rssess-
Irlc])l col]sists of idmltifyirl~, ~,rou]lS of ~)c)tcvl~ial Uscxs,
illcl(]dirlp,  a(llr]illi  strat,c)]s, lrlc(iical lmso]ITIcl  a]ld clIct-
uscrs, a!!d irl clcvclo])il]~, a]l(l aclrlli Tlistcrirlp, qu(~stio]]
IIail cs fc)r lIcWls a.wmsrllerit  alId tasks  dcflllitio[~.

‘J’}Ic  ])1 ocdure USUI ili  ttlc asscsslrlcllt  f o l l o w s  aII
II)tcr  acLivc Iviiluatic)l!  Nfodc] [5], aTId consists  of the
siI[lultallcous  illvestip,atic~li  o f  t)otli ~Ikac}li]lc aIld ho-
lIl:i Tl ;]erfo~II]aIlce  wit}lirl  a dcfiIINl  mlvi]oIIIric]lt.  ‘J’kle

iIlterac.Live rlatrlre  C) ft,tlis  ])]ocwlurc  }Iel~)s iii clct,crlrlir)-
i]lp, dcsirab]c  arid  feasit)lc c}laract,cr istics of t,hc COII-I -
])lctc  hl/71Lrr?L-7’obot  syst,cII1. ‘1’}Ic Cwaluatioll  is car]ied
Ol]t,  w})ilc ])(]]slliIIF,  sl)ccific  t:isks,  :ITI(I i t  will  idc]lt~fy
the cflcctiw  ~mfo~Ir)aI]c.c c)f t}le SySLClrl, dCVCIO~) a~)-
1)1 01)1 iatc t,r aiIliTlp, J)I C) LOCOIS,  assess t})c’ US(II  s’ IICV’ ca-
JIal)ilit,ies,  artcl l) Iovidc fccclt)ack to t}lc dcsi~,llcrs,

‘J’~Ic first I)~Iasc  c)f t]]c ev.a]uat,io]r collsisLd  ill c\e-

vclo~)il]g,  a  ~)rescvltatioli Olt h(’alttl care I obotics,  wIcl
adrrlil Listc’Iil!g  a qucstio I)rlai Ic to t}lc I)crso]ll]c]  of  a
lo]Ip, tc~lrl ca]c ]luTsirl~,  alId ]e}iat)ilitzitic)r] f ac i l i t y  it]



SOIIL}ICIII  CaliforI)ia [3]. ‘he ]mrticipal)ts  to the sul -
vcy illcludcd tl]c I)iIccLom of l{ehat)ilitaticnl,  1 ‘llysical
~’hm a])y and Speech  l’atholof,y,  IIUI ses aIICi aides, for
a  total c)f 25 ]JCOJ)IC, of w}]ic}l  16 were fc]nalc aTld 9
luak!. ~’}Ic In’c!scntatim  consisted of slides and videos
of ~mst arid pIesc Ilt applicaticnls  of robots  iTl hcaltl)
care,  and itl F,iViIIF, a dCIllOIIStJatiOI’I  Of thC ~]~~{ SyS-
i,cIII. ‘J’he qucsticulIlailc  addlcsse(l  t}le ~jartici~]al)ts’
~mcq)timl  c)f robots,  their  attitude towa7ds acc.cl)tiIl,g
ro}.mts  irt t}Ic facility, atd their  pcrccptim)  of useful
rot)otic  tasks ill tllcir  facility.

~’he qumtionIlaire  i nc luded  statemcmts  SUC}I  as:
robots  W@ tea mplicrzkd jor IILC to v?bdersta?ld,  aTld o
robot would  k usefd in nLy job. “J’he ~)artici~)a~lts WCI c
asked to rank the’ir ap;rcevrlcllt to the stateTncI]ts  cm a
scale 1 to 6, ahcl to select adjectives out of a ~mpar c(I
list, W}lich WOU]C]  best dcsc~ihe  t)lcil  fcc!]irlgs at)out
robots. ~’lIc ta.+ cldiniti(ul of tllc qucsticrIlr]aiI  e zrskccl
i,hc JMT ticipar]ts  to idclltify I clevaTlt tasks fo~ a OIIC-

.aJ IIIC(l IoW, aIId to prio~itim tllc t,~sks usi?lg  a scale

of 1 thrmp,ll  6. A pIclirllirlary ewluatiorr  of tlIc Ie-
slIo IIscs to thr qucstiorluai~  e indicates t}lat t}lc tof) two
I atcd tasks a] c s~]ecific to ~~atimlts cal c, SUCII as I)ouT-
irlf, ]iqui(ls, assistarlc.e  with fccdilig, aIId Ictricval  tasks.
‘J’ask ~[lorc relcvaIIt  to st.afl act ivit ies wcv c ral)kcd  3
tlIIc)ugh  6, illcludime, fcddi~l~,  lil]cus, tra~~s}]cntit)f,  IIICal
t]ays,  aTId :issistill~,  ill ~Jaticv]t smuI ity.

(i [;c)]]clusio)ls

‘J’}lis  ]Ia]Icl ~m!sclks  a ~)1 op,I ~SS repo~ t 011 OUI c.ul -

I CII(  wot k 011 ~Ilobile I obots  foI tlIc assisLa Ilcc to t}le
cldcIly arid tlic llar]dic.a~)pccl. WC corIlbiIled a lnot]il~
rotx)Lic ~jlatforll]  w i th  a  ~wrsol]al  cori)~)utm,  aIld dc-
vclo~m(l a  ]ow-cmt coI]tl  CI) statiml  fo~ opcv atirl~, L}IC
rc)bot. ‘JIIc C.orltro]  statiml  is capable  of iIkerpreLiTl~,
voice., joystick, and II ICWSC coInlna,r]cis, aIIcl dis~)lays
Ical-tiTlle iTliap,es frolIl thd Iot)clt  caIf IcIa, a schcrriatic
~l]a~) of tllc mwiroIIIrlmrt,  a~ld the Icadi Irg of t}lc rc)tmt
ult)] asollic Sclisors.

‘1’lIe pIoI)cIsccl systcrn rcsr)ollds to the IIecds  c)f tllc
}IcalttI c.aw cOrrltiluIlity  for a lcnv-cost rot~otic aid whic]l
u)LIld  pcv  forIr I sitrlp]c  llc)rne assistance fuIlcLiotis,  a~]d
sclcctcd tasks ill ~rlc(lical facilities. Wc am cur IcIltly ill
tl)(  1)1 occss c)f cvaluatir]g t}lc utility of the systct[l atld
t]lc acccssibi]it,y of t}lc co~ltI o] statio~l wit}! pc]tm)tial
usms of ttlc Iolmt,  illcludir)~,  adtliillistratoIs, lucdical
~mIsoIIIIcl,  allcl I)aticllts.

JTI  tl,e future,  w J)laIl to add IIIOIe  powe~ful  ill~)ut-
out])llt  Cafmbilitics tc] tlIc user illtc~ face, and to cqui}l
the Irlobile  rolmt writtl an aIticulatcd IrlaIliJ)ulatoI, cuI -

I mItly urIdcl dcvclo]lIrlcllt, fo] mccutillf, sirll~]lc fctc}l-
aIId-ca IIy tasks.

7  Ack~~c)wle(lgI-rle~~t

‘J’tIc rescatc.1  dcsclibccl i]! this  ]ml)cr  wa.~ car Iied clut
at tllc Jet l’lol)ulsiorl  l,aho~ atory,  ~alifmllia lllstitute
c)frj’cc}l~lc)lc)f,y, LIIIdCI  ccl]ltlact  wit]!  tl)e Natjio  Iial ,4wc)-
n,autics and Space Ac]Ir]iI]ist~;ltioI1.
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